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WHAT IS CLAIMED IS: 

1. A method for repairing a sample compri^Sing: 
generating a laser beam; 

changing a phase of the laser beam to sriiooth the 
brightness distribution of the laser beam,y4nd applying 
the laser beam to the sample; 

acquiring an image of the sample with a Time Delay 
integration (TDI) sensor, and output-ting an image 
signal from the TDI sensor in accoi^ance with relative 
movement of the laser beam and th^ sample; 

detecting a defect of the inask pattern of the 
sample on the ba^is of the im^ge signal output from the 
TDI sensor; 

specifying the position of the defect of the mask- 
pattern on the basis of /the result obtained by the 
detecting step; and 

repairing the defect of the mask pattern. 

2. A method yfor repairing a sample according to 
claim 1^ wherein/a signal integration time of the TDI 
sensor is enougn for smoothing the brightness 
distribution pt the laser beam in the step of changing. 

3. A ^ethod for repairing a sample according to 
claim 1, v^erein a laser beam source used in the 
generatijfig step is a source which can continuously emit 
a lasey beam. 

4 . A method for repairing a sample according to 
claim 1, wherein the changing step includes the step of 
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changing the optical axis of rhe laser beam against the 
sample continuously or intermittently to change 
interference fringes of the laser beam^ thereby 
smoothing the brightness distribution of the laser beam. 

5. A method for repairi>ftg a sample according to 
claim 4, wherein the perioja when the optical axis of 
the laser beam is changed against the sample is decided 
in accordance with the/ signal integration time of a 
Time Delay integration (TDI) sensor, 

6. A method for repairing a sample according to 
claim 1, wherein the changing step includes the step of 
passing the laser beam into a rotating phase shift 
plate which has different thickness points, to change 
the phase of the laser beam, thereby smoothing the 
brightness distribution of the laser beam. 

7- A method fpf repairing a sample according to 
claim 6, whereip/the rotation velocity of the phase 
shift plate is enough for the signal integration of the 
TDI sensor/ 

8. A method for repairing a sample according to 
claim 6, wherein the changing step includes the step of 
passing the laser beam into a plurality of rotating 
phase shift plates. 

9, A method for repairing a sample according to 
claim 8/ wherein the total/rotation rate of the phase 
shift plates is enough fibr smoothing the brightness for 
the signal integration/ of the TDI sensor. 
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10. A method for repairing a sample according to 
claim 1, wherein the changing step includes a first 
step of detouring a part of the laser beam, and 

a second step of detouring the part of the laser 
beam detoured in the first detouring step, in a 
different direction from the detour a first detouring 
step; 

thereby dividing the laser beam to reduce the 
coherency of the laser beam and smooth the brightness 
distribution of the laser beam. 

11. A method for repairing a sample according to 
claim 1, wherein the changing step includes a first 
step of detouring about one-half of the laser beam, and 

a second step of detouring the half of the laser 
beam detoured in the first detouring step, in a 
direction inclined at 90 degrees against the detour 
direction in the first detouring step; 

thereby dividing the laser beam into four beams 
which do not interfere with each other, to reduce the 
coherency of the laser beam and make uniform the 
brightness distribution of the laser beam. 

12. A method for repairing a sample according to 
claim 10, wherein the path length difference between 
the total path length in the first detouring step and 
in the second detouring step and the path length of the 
laser beam not detoured is a coherency distance or more, 
thereby dividing the laser beam into four ray beams 
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which do not interfere with each other. 

13, A method for repairing a sample according to 
claim 10, further including the step of providing 
a half wave plate for rotating^ at 90 degrees, the 
5 polarized direction of a part of the laser beam, the 

part including the center of the laser beam, among the 
laser beams which have been via the second detouring 
step, 

14- A method for repairing a sample according to 
10 claim 13, wherein a prism with a wedge form is provided 

in the front or in the rear of the half wave plate - 

15. A method for repairing a sample acccwrding to 
claim 1, further including the step of outputting the 
image signal output from the TDI sensor/after 
15 correcting the image signal by use of/a correction 

coefficient associated with a line ywidth of the mask 
pattern of the sample, 

16- A method for repairinj^ a sample according to 
claim 1, wherein in the dete^cting step, the image 
20 signal output from the TDl/sensor is compared with 

reference data which isread out, to thereby detect 
whether or not the mask pattern has a defect. 

17. A method fof repairing a sample according to 
claim 16, f urther^xncluding the step of detecting a 
25 relative speed of the sample to th TDI sensor and 

correcting timimg at which the reference data is read 
out, in accordance with the relative speed. 
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18. A method for inspecting a saniple, comg^rising: 
generating a laser beam; / 
changing a phase of the laser beam tor smooth the 

brightness distribution of the laser beata; 
5 applying the smoothed laser beam /to the sample; 

acquiring an image of the sampife using a Time 
Delay Integration (TDI) sensor whme the laser beam and 
the sample are relatively moved^^ and 

examining the image of tb^e sample for a defect of 
10 the mask-pattern of the sampde, 

19. A method for insg^cting a sample according to 
claim 18, wherein a signal integration time of the TDI 
sensor is enough for smoothing the brightness 
distribution of the /laser beam in the step of changing. 

20. A method /for inspecting a sample according to 
claim 18, vjherein the laser beam used in the generating 
step is a source which can continuously emit a laser 
beam, / 

21. A method for inspecting a sample according to 
claim 18, wherein the changing step includes the step 
of changing the optical axis of the laser beam against 
the sample continuously or intermittently to change 
interference fringes of the laser beam, thereby 
smoothing the brightness distribution of the laser beam. 

22. A method for inspecting .a sample according to 
claim 21, wherein the period wHen the optical axis of 
the laser beam is changed against the sample is decided 
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in accordance with theysignal integration time of the 
TDI sensor. 

23, A method for inspecting a sample according to 
claim 18, wherein the changing step includes the step 
of passing the laser beam into a rotating phase shift 
plate which has different thickness points, to change 
the phase of the laser beam, thereby smoothing the 
brightness distribution of the laser beam, 

24, A method for inspecting a sample according to 
claim 23^ wherein the rdtation velocity of the phase 
shift plate is enop^ for the signal integration of the 
TDI sensor. 

25. A method for inspecting a sample according to 
claim 23, wherein the changing step includes the step 
of passing the laser beam into a plurality of rotating 
phase shift plates . 

26. A method for inspecting sample according to 




claim 25, wherein the total rotation rate of the phase 
shift plates is enough f or/^noothing the brightness for 
2 0 the^ signal integration of the TDI sensor, 

27, A method for inspecting a sample according to 
claim 18, wherein the changing step includes a first 
step of detouring a part of the laser beam and 

a second step of detouring the part of the laser 
beam detour d in the first detouring step, in a 
different direction from the detour of the first 
detouring step; 




2001-06-01 18:13 



5g5t- FINNEGAN ' M 3?5fi7U-SUZUVE & SUZUYE 5F Se 



T-769 P. 049/057 U-051 



- 48 



^^^ereby dividing the laser beam to reduce the 
coherency of the laser beam and smooth the brightness 
distribution of the laser beam, 

28. A method for inspecting a sample according to 
5 claim 18, V7herein the changing step includes a first 

step of detouring about one-half of the laser beam, and 

a second step of detouring the half of the laser 
beam detoured in the first detouring step, in a 
direction inclined at 90 degrees against the detour 
10 direction in the first detouring step; 

thereby dividing the laser beam into four beams 
which do not interfere with each other, to reduce the 
coherency of the laser beam and uniform the brightness 
distribution of the laser beam. 
15 2 9, A method for inspecting a sample according to 

claim 27, wherein the path length difference between 
the total path length in the first detouring step and 
in the second detouring step and the path length of the 
laser beam not detoured is a coherency distance or more, 
2 0 thereby dividing the laser beam into four ray beams 

which do not interfere with each other, 

30. A method for inspecting a sample according to 
claim 27, further including the step of providing a 
half wave plate for rotating, at 90 degrees, the 
25 polarized direction of a part of the laser beam, the 

part including t-he center of the laser beam, among the 
laser beams which have been detoured via the s cond 
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de-touring step, 

31. A method for inspecting a sample according to 
claim 30, wherein a priem with a wedge form is provided 
in the front or in the rear of the half wave plate. 
5 32. A method for inspecting a sample apdording to 

claim 18, further including the step of oin^putting the 
image signal output from the tdi sensor Rafter 
correcting the image signal by use of A correction 
coefficient associated with a line w/dth of the mask- 
10 pattern of the sample. 

33- A method for inspecting ji sample according to 
claim 18, wherein in the examin^g step, a signal 
output from the TDI sensor is /compared with reference 
data which is read, to thereby detect whether or not 
15 the mask pattern has a defect. 

34. A method for inspecting a sample according to 
claim 33, further including the step of detecting a 
relative speed of the/sample to the tdi sensor, and 
correcting timing a/ which the reference data is read, 
20 in accordance witJi the relative speed, 

35- A mett^d for manufacturing a photomask 
comprising: 

formirig a pattern onto the photomask; 
genefrating a laser beam; 
25 changing a phase of the laser beam to smooth the 

brightness distribution of the laser beam, and applying 
the/ smoothed laser beam to the photomask; 
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acquiring an image of the photomask witft a TDI 
sensor as the laser beam and the photomask/are moved 
relatively; 

acquiring a defect of the mask-pattern of the 
photomask on the basis of the image/of the photomask; 
and 

when the defect of the maa*-pattern is detected, 
specifying the position of th/ defect of the mask 
pattern, and repairing the dfefect of the mask pattern, 

36, A method for manufacturing a photomask 
according to claim 35, Therein a signal integration 
time of the TDI sensor/is enough for smoothing the 
brightness distribution of the laser beam in the step 
of changing. 

37, A method/f or manufacturing a photomask 
according to claim 35, wherein a laser beam source used 
in the generating step is a source which can 
continuously emit a laser beam. 

38, A method for manufacturing a photomask 
according to claim 35, wherein the changing step 
includes the step of changing the optical axis of the 
laser beam against the sample continuously or 
intermittently to change interference fringes of the 
laser beam, thereby * smoothing the brightness 
distribution of the laser beam. 

39, A method for manuf a6turing a photomask 
according to claim 38, whej^in the period when the 
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optical axis of the laser/beam is changed against the 
photomask is decided i/n accordance with the signal 
integration time a Time Delay Integration (TDI) 
sensor, 

40, A method for manufacturing a photomask 
according to claim 35, wherein the changing step 
includes the step of passing the laser beam into a 
rotating phase shift plate which has different 
thickness points, to change the phase of the laser beam, 
thereby smoothing the brightness distribution of the 
laser beam. 

41, A method for manufacturing a photomask 
according to claim 40, vhj^ein the rotation velocity of 
the phase shift plate ±4 enough for the signal 
integration of the Ti^ sensor. 

42, A method for manufacturing a photomask 
acco^rding to claim 40, wherein the changing step 
includes the step of passing the laser beam into a 
plurality of rotating phase shift plates, 

43, A method for manufacturing a photomask 
according to claim 42, wherein the total rotation rate 
of the phase shift plated is enough for smoothing the 
brightness for the signal integration of the TDI sensor, 

44, A method for manufacturing a photomask 
according to claim 35, wherein th changing step 
includes a first step of detouring a part of the laser 
beam^ and 
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a second step of detouring the part of the laser 
beam detoured in the first detouring step, in a 
different direction from the detour a first detouring 
step? 

thereby dividing the laser beam to reduce the 
coherency of the laser beam and smooth the brightness 
distribution of the laser beam, 

45. A method for manufacturing a photomask 
according to claim 35, wherein the changing step 
includes a first step of detouring about one-half of 
the laser beam, and 

a second step of detouring the half of the laser 
beam detoured in the first detouring step, in a 
direction inclined at 9 0 degrees against the detour 
15 direction in the first detouring step; 

thereby dividing the laser beam into four beams 
which do not interfere with each other, to reduce the 
coherency of the laser beam and make uniform the 
brightness distribution of the laser beam. 
20 46 • A method for manufacturing a photomask 

according to claim 44, wherein the path length 
difference between the total path length in the first 
detouring step and in the second detouring step and the 
path length of the laser beam not detoured is a 
25 coherency distance or more, thereby dividing the laser 

beam into four ray beams which do not int rf ere with 
each other. 
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47. A method for manufacturing a photomask 
according to claim 44^ further including the step of 
providing a half wave plate for rotating, at 9 0 degrees, 
the polarized direction of a part of the laser beam, 

5 the part including the center of the laser beam, among 

the laser beams which have been detoured via the second 
detouring step, 

48. A method for manufacturing a photomask 
according to claim 47, wherein a prism with a wedge 

10 form is provided in the front or in the rear of the 

half wave plate. 

49. A method for manufacturing aA>hotoma$k 
according to claim 35, further including the step of 
outputting the image signal output /from the TDI sensor 

15 after correcting the image signal/ by uee of a 

correction coefficient associatyd with a line width of 
the mask pattern of the photoniask, 

50. A method for manufacturing a photomask 
according to claim 35, wherein in the detecting step, 

2 0 the image signal output /from the TDI sensor is compared 

with reference data which is read out, to thereby 
detect whether or no/t the mask pattern has a defect. 

51. A method /or manufacturing a photomask 
according to clai^n 50/ further including the step of 

2 5 detecting a relative speed of the photomask to the TDI 

sensor, and oforrecting timing at which the reference 
data is realii out, in accordance with the relative speed- 
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52. A method for manufacturing a semiconductor 
device by using a photomask after inspecting /:he 
photomask, comprising : 

generating a laser beam; 

changing a phase of the laser beam £o smooth the 
brightness distribution of the laser b^m; 

applying the smoothed laser be am/ to the photomask; 
acquiring an image of the photMiask using a Time 
Delay Integration (TDI) sensor whi/e the laser beam and 
the photomask are relatively move6; and 

examining the image of the/photomask for a defect 
of the mask-pattern of the photomask, 

53- A method for manufacturing a semiconductor 
device by using a photomask/ after manufacturing the 
photomask , comprising : 

forming a pattern oi(to the photomask; 
generating a lasey beam; 

changing a phase /of the laser beam to smooth the 
brightness distribut/on of the laser beam, and applying 
the smoothed laser Jbeam to the photomask; 

acquiring an/image of the photomask with a TDI 
sensor as the l^er beam and the photomask are 
relatively move 

acquirin-^ a defect of the mask pattern of the 
photomask on/ the basis of the image of the photomask; 
and 

wher/the defect of the mask pattern is detected. 
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specifying the pos/tion of the defect of the mask 
pattern, and repairing the defect of the mask pattern, 

54. A method for inspecting a sample, comprising: 
an illumination step of irradiating a sample with 

a laser beam while changing a phase of the laser beam 
with time, thereby permitting brightness on the sample 
to vary with time; 

an image formation step of acquiring an image of 
the sample, using a sensor placed on an image plane of 
the sample; and 

an image processing step of processing signals 
obtained by the sensor, so as to inspect a pattern of 
the sample. 

55. A method according to claim 54, wherein in 
said image formation step, an image or a brightness 
signal relating to a desired portion of the sample is 
obtained by moving an illuminating beam and the sample 
relative to each other,, or a two-dimensional image is 
obtained by use of a sensor wherein elements are 
arranged in two dimensions. 



